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(54) COHERENT OPTICAL TRANSMISSION SYSTEM be made by inexpensive electronic components. 

(57) Abstract: COPYRIGHT: (C)1995,JPO 

PURPOSE: To provide the optical transmission system 
capable of accepting the coherent light of optically 
FSK-modulated signal as a signal with a band as narrow 
as a direct demodulated signal. 



CONSTITUTION: An optical receiving device 300-1 
consists of a light detecting device 1, clock extraction 
circuit 2, bit discrimination circuit 3, phase error 
detection circuit 4, and local light emitting source 5. 
The clock extraction circuit 2 extracts a clock signal 
303 showing the timing which discriminates the bit from 
a detection signal 302 and send it to the bit decision 
circuit 3. The circuit 3 judges whether or not the phase 
of the received optical FSK signal 102 is advanced or 
delayed by taking the phase of a local light emitting 
signal 301 as a reference based on the polarity of the 
detection signal 302 in the timing shown by the clock 
signal 303 and outputs the decided result as a 
demodulated signal 306. The optical receiving device 
does not require an electronic circuit equipped with the 
wide band exceeding the bit rate. Thus, the high speed 
processing can be performed and the receiving device can 
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Ml>£E3tc^f . j^SSfliei 0 0j!p6^1B§*i 
4*F S K<I# 1 0 2 it x 1 . ifiiCdUliaMs 

f o<mmnx-tbz>. oso, eassK%Rb (bit 
/ s ) tr 5 £ . f 0 ^*^tc r b mm<D-r>(D tr- * 

4^%. &tf-*B«»ttv-*jg»» (f 0 + Rb/ 
2) £^^-X]S^ (f 0-Rb/2) -KHBtl/rH 

s. jwwfeflwso i©*aa»ttf o-r*s. 

02© (a), (b) Ktt. »**FSK-flr*l 0 1 te 

j:c;»»36(t^3 0 1 <D^tmmmt>t»i> «t 5 cc*© 

«»a95*wLfc. C©B#©#F SK<t# 1 0 1 <bA$ 

7fe{t#3 0 1 (ommze tis< t, y&m% 1 *>6m 

^3n5t^?it#3 02iltcose tcttfnrifli# 
A«©^^4o H2© (a) . (b) fcSWi^ftfilCffiM 
i»tC*S4*©t)Bfi®#3 0 2tt. 02 (cXCmTJ: 

[0020] ^jc. ^^ft#3 0 1 ©^{4+a^$uait 
4fc*©*PLL (ffifflrawii'-^) mmmotinti 
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4BMHT4. f n?*fflffi@i83-Ctt. 02 (e)(c^ 

t J: s attfiMMt* 3 0 4 £tn#-r 4. tttltgg&tH 

9 0gfeb<«27 0g*>e>©g[4£&tii-f4BSrc$> 
■4. **1 ttfB#Jiff-93 0 4 i^&fg . 

#3 0 2©aSri4Ci(Cj;f). 02. (f .) KmUfcfi 
# £ Q ; B#H^T 4 C £ tc <fc ■ 0 f# h *l 4 fiffiH»l 

3 0 5£tttt>T4„ m&yem5vit> tstfmmsw 

0 5*H£n£&4<fc5{cHl;frr4EIS3fc(l#3 0 i©36 

&ti*i*d®snr^4. io 

[0 02 1 ] t©3fcPLL®t&(C<i:D> ft*Bg0te9O 
aEtL/<B2 7 0k{C5S3E<t3n. t' * h ©J£r&${i 

[0 02 2 ] gf&ic, 3 0 2 frfcfiWfcfljrr 

4^»Co^r^T4. 0 l©ftt/S£« 

•iU *FSKfl|^l 0 2i©{4ffiM0tt, 02^1*5 
W5— K» h@©^*(Ctt9 0E'C*4. fif^r. ftF 

s Kft-f i o 2 ©*(4ffl3Witrti^tt. feffl^e Aittfin 
T4J»^-c**)» *Kft©#3 0 2 3Ma2 (g) Ksatr 

wtfc<i#£-ar4. atfcitF SK®# 1 0 2©3fe{4 20 
ffl#il*i4«£tt. titfB£0a*i&4>U 0 2 (g) tcffi 
mV7r;btc{mt—&t&. ZbX. -t 7 K@©|&b 

S*l4i§£fc 1 8 OflSMfcU 2 7 OftKfcoT 

t>4. 

[0 02 3] g^T . m&3tm^3 0 1 ©ffiffl^SHItc 
U 3fcF SK®#1 0 2©{4+a*53tt?3Win4*'* > & 
«E©#3 0 2©Stt^6WET4C<!:*5pjffi-C*4„ - 

f » h ertt. t^f s K^oft&mmtiwmw^ 3 

0 2#IEK:fg*i4tf ? V*Z^-zm£±$Mb> Mte 30 

*&ts#ii<^i&{l-si 3 o 2tf*cc&ti* tr^ h 

*??#£¥!lBrT4. $ hg"C«, ftft*B#il 

ntS^ft#3 0 2*5ft(C^4f^ h*z*—*n%t 

«. 36fiMg0jMB9 0g£&4©? < #©fc'-, Ftt. 

sac. atg©e-; htt-tfy bBtmcmwi. w& 
#g©t-^ Hire » hs^ncfludtctt^rfinerd 

4. 40 

[ o o 2 4 1 #(c. wsBoe* Ymmommic&->Tn 
6*»4twm-t3 o 6*a^4fc»©ffl^©tfcft%R 

BJ-T4. *n»*«itii|gB2tt. t*»fl»3 0 2*»6e 
? F£We*4*^5>^£ft©4fc©©*nv*fi# 
3 0 3£ffi;W4„ C©?o ? Mf^f3 0 3 <Offl&& 
(d) Jc5*T«fc5{c. tMMI## St:* h 

«5£U 02 (h) ©fi#£f#4. 0*>0.-«Mft©#3 

0 2-©iE©%flsiuyt**-ctt. «K»a©e7 Hcfc 
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tttiWm 3 0 6 4 /cfcCC , $&#§© t' •> h ©ft 
^S^-r4CiK:j;oT 1 02 ( i ) fCTjrf <fc V<cfl 

mm 3 o 6©^*sf#e»tv4o 

[0 02 5 ] C©* l-©*aWi©4rc. ^fefflU 1 ££ 
n ».*»ffiHK2.&.t.* hfficBBS £fttB8IMl$fcHB 
B&4 *»6«fiSSn*-36*ftiftHB6 tt'. OttA 
4„ ST, fiMBai«^3 0 5*JB»*iK5{cjS4ci 
fc<fc-oT, S«36©#3 0 l©*jasafc*s. *FSKjf 
#1 0 2©-v-^JBigaj[«b^^-^ja88»©|BIi&SJ: 
^(c> WflPLrt»4. 3fcFSK(t#©fil[tidJ^ 
31c[1^3 0 lKifc^rJitt3WIti4*»%fUE-r*CiK 
<t0> SftL.Tt,>41s#*Jv-d;*>x^-^3&i4flig 
U ailSM#3 0 6<bl/ra^UrO4. *H9itCiC» 

5 i jtismtMHiB 6 *ttr>mm t a 4 . 

[0 02 6] #&C, 0 2 CC^U/c <fc ^ ttM-^^ST 4 
fc©©#gU©^ftWlsISS«BS*Siii-r 4 . 

[0027] %mm\tbx[t. H4fc^r* 

('<7>X H/i/-A) 36J«L/ri>4. 3feF 
0 2i^^3feM^-3 0 1*5, 2A^J2tB*© 

k j: zmtsmoxmt bx--oom.micmmbtcy * 

h F 1 2-CSffT4^r$>4. 

[0 02 8]*«WC«, fttiftffi#3 0 ztcszczsj 
Xtt, *PLL«ftK*»WSffiffitlMll©«»il/T. jB 
C>K»*#A5. «»*®#3 0 l©?fegy^X©Kg 

■T458!l*35i*4 0 

[0 0 2 9] ^*ltH«liL,Tffl^4C<t©r*4fte© 

9©)feFSKif 1 0 2iHjS*fl|«3 0 l^cos 
0K£kfflT4m»ff#£f#4Ci-C£>4. C^4«Sr 
4#«i Lttt, **^7 1 1 <Dft-fi)&t>m^*—n<D 

y* h^-Y^-Krsffi-r4ttfiScfepj^-c$>4o c©# 

4. Sfc, 7fe*7 - ^l l{CRto43feFSK@-^l 0 2i 
^«*fi#3 0 l©£tt#BiLTtt. ^-757-^ 

S8. iftffilB"C©^iS*|5WiSf»«:*i6ti4. §6 

K*««fli-9{cSEjftr tore. 7^7 

>->x7* h^^5j--K (APD) ^fenjjfe-c*>4„ 
[0 0 3 0] ^n-y^jaWlHlK2«. H5«Cwr«t5K: ' 
±W88S&k\ 3<hRb (Hz) ©^>^[51S§1 4i 1 
/2»HBB1 5 4Rb/2 (Hz)4it;OF'^ 
7-f;Ujr2 2K«fcor«Str*4. tft»fi#3 0 2*£ 
•iSSaiilSgl 3i^>i'[5iSgl 4^fi-TCiCCJ:-oT 1 
bfvhU-hOJffiMRRb (Hz)4^o^if 
3 0 3*ifS 6*14. ZOfUvtm^ZO 3?rl 
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./2£HI1K1 5K*JJbX> K» hU- h©¥#©8 
iSaROfll^iL. §6fC, Rb/2 (Hz) £fflT^> 
F^-X7^;U*2 2{c<J:- 5 -C > JB«BK#Rb/2 (H 
z ) OJESSftlt#r*Sttffi#li«V3 0 4jW#6Ji 
ft*--.... ••■ • •■• - • - 

:[ 0 0 3 1 ■] 9ti9*m&BKZ1l>%tiU3ttlZ.9U-9 
£{1^3 0 3^ 02 (d) ©«t5KJ©&"C*5!fi5«tt 
Gb/s*fi**iK»£air©*n?*« 

HiiibT. fl»©£±Ut>Ktt. SVF#9*©£JBI 
36H-»«cnrc*4Ci*5 ! iWC*4. Ifc^t, HI 

SSI 4©*rt>*n?*flM3 0 3£fflW-tSt ittnj 

[0032] tr» h«jaaB3tt. aeKmrj^fc. 

D - 7 D ? 7*7 □ v 7' 1 6 t T - 7 'J v 7' 7 n 7" 1 7 

iSfffew^sfoy- h ( e x o r f- h ) is* mm 20 

T?t£. D-7'j^7n-^i 6iT-7 n?77a 
?7i 7©*n»*A#«:«:. ^o ^ff-if 3 0 3#A 
TjSftS. D-7i> ?7'7a? y'l 6©-f-£A:*Kt 
«. t£$fI#3 0 2*iA#3ftT:te'3 > JESSrWgLT 
IE©B#(Ctt" 1" ^©B$CC«" 0" £S-*tfi?jT 
£„ T - 7 V v 7.7 a » 7" 1 7 ©UtfjttH 2 K.m Ucf 

©b*->h©^" 0" *HWjr*J:9{CJEt->'Ci f >S. D- 

7 'J * 7*7 a? 7*1 6 iT-7 'J 9 7*7 a ? 7*1 7©tti 
»*EXORy-H8KWJ-r4. EXOR^-H 30 

8 Ttt. T - 7 7 7*7 a ? 7* 1 7 ©Ui7J* s " 1" £ tt 

oTVfc^HBttf? h©it> D-7V 7 7*7 n 7 7*1 6 
©^©f^S^U ma-? <) v 7*7 n 7 7* 1 7 
©fib^*l" 0" fcttoTHiMMRtry h©£#. D-7 

» 7 - 7 a ? 7' 1 6 ©HM7**©* $ ©^rtH^-r 
s. cn^cjco, — # 1 0 1 K#icufctMmi-93 0 

[ 0 0 3 3 ] m 1 (Dnnmox ? hmmmms-at, t 

-7y-;7'70^7'l 7 £ EX OR-Jr- h 1 8il>ofc 

A^©£ffl£=!f * T-7'Jj 77 P v 7* 1 
741/2»SBKKa*«SA. EXOR*-'-M8£ 

[0 0 34] ^©flll&CCcfc-p-C. 80H(I#3O6&ft 
4Citt. tfcWf 3 0 2 ©?!?$*> 6 b'?hU 
- h £fi* SRl^WftSft-ott^glg & 0 fcr,»© 

[0035] mvmm&tom, 4 «. b 7 tc^f «t 5 

tc. SSsgtslggl 9in-;^7 .<;l>*2 OttJ: 9 50 
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**. ^ft-^3 0 2 iftfB#JSfI#3 0 4 ggftHgg 
1 9fcA#U fltMiKl 9©B**a-K^7 - ^^ 
20tcfltCifc*0tWffl»»t-*305*J»e>ti4. 

[0 03 6] u ^^fi-^3 o i ©Tfc&ti^anr 

0 # 9 0 ft© t ^ h ©^©tgmittf({C^{4 Lv *© 2 7 
#3 0 lC^&ffi^Jt^^SifSi^ {4tBM0©<l 

BtKfnsJti*, §f v h©»©fiewa!tcKtir- 

[ o o 3 7 ] m l ©^SSWI©{4ffl»[iSg4-eti. a- 

<£Wi%JbW 5 %«W*r 5 C i #T> * S . 
[ 0 0 3 8 ] *fc. C©ffifflR«'*|BI)IW(Kftr*fc»«: 
ifi»«cfflffi#JHflr#3 0 4©iI«B»3:. 02 (e) Kml/ 
tejE^RKIBSStiSfeC-Cttttiyi. h©^©Jii|ii 

[0 03 9] ^16^255 t LTtt, »f*Jffl^ 
«M©»*Ji»6h*. 

[0040] ^iHftS 1 0 0 ©«Cfcl>T fc. 

u— wsffluensci^u. se.cc. if 

^©aAHi^iHg^Pf 5 C i K i 0 . *F S Km 
1 0 2*5ff e.n?>/ces?). ftmE3i£$iF&Btti:Z. & 

ecu. fgiiccrss*****. 
[004 1] ^ACc, St 1 ©HSI^©^o{4tB^1§*sAt 
l/^ai^-r/c*. 1 0Gb/s©(cji'>Xf-AfCteW 
l>{4tl^©^S ; &ia 2 Kwl/fcfflr^tCffi-sTBiWr 
5. tiStCii. {4tB^^ , iJ|51Ei84©'tti^<!: < 
•JWk*K'Ji"J"Sfc«>fc. WiOOl, 10g, 2 0 

g. 9 ojt«c»r 5«^jR»©K{b**i/rt>-5. 

[0 042] ( A ) tt. 30 2 (Dm&mvr 

feij. 02 (c) tcsti6or(,»s. c©Wftflm»« 
Ed (t) i-T2> 0 SI636m#3 0 1 ©&ffi^S«4 

3fcFSKft#l 0 2<0<m&61fiVi> Y<m (1 0 
Op sg) (Ctel^T. — f 9 F«(200 p sS) (C9 
0g<t2 7 0g£&6©-C 1 0©«k^(C^jgm#3O2 

{c^fens{4tB©-rn-i. ©i^5(c^i@©-rtis 

[0043] (B) tt. {4tBMMfg# 3 0 5©7cift* 
ftffSBl 9©ffl^jg^-e*0, 02 ( f ) iCttfobT 
S-CR-TiEd (t) *cos (jct/T) i<c 
S. CCTTlif-; h}^H$|fflTS)S„ &+B#]i<s-f3 
0 4^-f^ hff{cfftt©^kt4fll-»il/TRb/2 
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[0 044] (C) tt. HNJE (XdJBaoiHIfi) 
tC;feUTfiS&ffi£&&§j£g£ UT©(f^ff^^t-C 
^rafiEd (t) * I Ed (t) I £&$. 

[0 04 5] Ctl*>6. ffiffl©f*ltt. K» l-©*T© 
. *8Sfi# 3 0 2 ©MKciftrr £ C £ ***>*> 4. 

^st, e » h ^ e ». h ©4J*au-rtt»3&s 

fl>fcC»» «HB©rftfc»*43MMr©£{fc*« 
/h3t>C ££tt;L-TI>S„ 

[0046] S{f®g©fi[tSTtltC^-r€»^{btt, ttffl 
4»1*n*C i{C«fc»3«EiW4«flHt^CDi*^--cff 10 
ffir#2>. CC-C«« Ed(t)*|Ed(t)|*£ 
f ? h ££(<»#(,. {4ta^0*5-fe'a©B#ioJ:b=S:io 
fcJtm£0 9 tcwt. W 1 ©JGK0ftC:bl>TB:. E d 

(t) =s in (7rt/T + 0) iL-TH-^Lr^S. 
tfcK©fc©tc. 2ffi®36PSKSawt#S:*- : eic-f>g 
«Lfc*&*E d ( t ) = c o s 6 £ LTH-ITLfalgS 
H9rt>6. an©33fc0tl (BTtt" BF 

sk" ) r«> PSKMw»t**^>5Mrr4* 
s»c (mvtr bpsk" ) tb^-c wftitit 

#pl L©ffig^©gjj< n 

*©?. #PLL©BB*^CCT*J»*W*S. 
[ 0 0 4 7 ] #tc. g«lft#£m>fc:fcl£W©lfl2©f| 

1 ©JUS0l£#l&Sj±itt. «fg©frtcs«j#^t[5i ... 
»7*sRBsnr*»»). *sam3oo-2rB. 30 

h*«S|5ISS3K^o-CMttt"-y h¥9£l3B8tfffil>& 
(C 2 3, 2 4lo©D - 7 'J 7'7 a 7'itifHJ 

mmmmwmv- v (exnor-?"*— h ) 25*6* 

#3 0 2£t j -£A;'3£U 2n9*(f93 0 3©*-f 
5>yt?tWftfl|*3 0 2©Sittt*l5gOr^4. D-7 
ij 77 a 9 7'2 4 «D - 7 y ? 7*7 a v 7' 2 3 ©tti# 

fcf'-fAAiU fO» ^<t#3 0 3©#>f 5>^-C 
— :>!&©£ 9 hSriEttl/t^S. EXNORy-f-2 5 40 
cctt. D - 7 y v 77 a ? 72 3 £ D —7 y v 77 a 
72 4 © W**s A* 3 ft. ££9©$ ffef&gf P©ig**i 
fflia<g-^3 0 6 £ 0THfc&3ti4. 
[0 048 ] m2©HttWci€>r-^l 0 1 ££g(|ff 

mt^a^it^omt^m i 2tc7jrr. ns&^bing 

7tt. A#§ft&r-£ 1 0 1 (HI 2 (a) ) ©X^ 

o" K*nei,Tff**EiEStt» -7-*?" r k 
i-SES&r&s. c 5 LT*#p>ftfcMSMS^fi#«, b 

12 (b) tC^TJ^&fflM&tttSi CCTtt. ©£T 50. 
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5f-^©if^isi, #£&©#)££#£ u swap 

mtZtitc (b) ... (e) * (a) (d) (cftLTT 
/2Te>LT«^LTl^„ C©H«M?-Wt«H2© 
r-*£ttl£>LTfc'3. Cti%eaiLfctS*tt. B2 
• (c ). ilHl«©*^ft#3 0 2 £ 1>TEI 1 2 (c) ©«t 
9-&JBBK: t£ S, ;C©#r$ffl# 3 0. 2 ©gtt^rWS t , 
jWKQSIWf^oa-^fbfefT 0 £ H 1 2 ( d ) ©flHfflJ 

if 6ns. l-#>u *»wc«. m i ©jus#ij©Ep-cta 

L fc <fc 9 (C . ftttfi--? 3 0 2 «- f vh C t IC##*5 

«3£[5|SS8-C«. EXNORy-h2 5%«l»rJtt«l 
■CtB^jTSCitcio-C. r-f 1 0 ltc*tfl?rS8BH 
<t-^3 0 6?:fiTt,^ o 

[0 049]H13CC. Gb/s*iB*Si«afiKaSK*f 
iS-CtSSttt rh«ISBK8 £ L/T> fte©»iSW©« 

^SSBK2 6(C«fco"C 1 tf? h^TffllU, 

u^»m#3 o 2 i*tc. mnmm ncxttz. m 
gtiHis82 7 a, i br'-» hmte*i«t-93 o 2©tBM* 

£o/c*S*?:m^-r4„ D-7'J 2.7 , 7n77'28» > 
m»lHlS§2 7©tU^?r'r : -^A*£L > fa?i>fl»3 

ia<t-^3 0 6£u-cin^-r4„ 

[0O5O]*iBtte»hiW5iBB8CC*»l»r. D-7 
•J 7 7'7 a y 7 2 8 ©lu CtSSglf i>Iif £»AT S C £ Cc 

j: o . mn-®& 2 7 ©a*«#©»B*«MB-r s tmc 

D - 7 y 9 77 a 9 7- 2 8 ©lEllilffl^&ffl-r 

•c* ^ r *>*^w £ i5iii©^*n# n . 
[0 0 5 1 ] *2©3atW©«fcfttf. *PL LK«tor 
*fi#43l*ii^*«F©ffiffl©tt8 (*ftW0c«, 
7fefl^3 0 1 *W&t LtcjfcF S Kff-^- 1 0 2©&fBM 
6)^, 9 0flec*43&»2 7 0ttr*5*>) CC&iTf&C 
£^<SftpJ«e-C*4„ ^SffS3 0 0©«^£ 

ortt. b- y h«sg@jg3©SEtoo»C!ias£ttsffltte 
h fdjsiisg 8 «. t* 9 h mmmm 3 1 rasaosfB* 

[0 05 2] nt-U>hft{£M-C«, ^r-f^fi 
SIS n/cft-^fe©fi!S©^«j(c J: -,Tg<I!^g#SA-£ < 

«^^2«^3S«K:B3a©*a©S3 0 0 CC{6$Mffil 

r* miz&M btcm 4 ©nftwittwr s . 

[0 05 3] ^3©^)5feWI©*S<tS3 0 7 B0 1 4(C 
^TJ:9(C, H 1 ItjjkbtcW 1 ©Ulit^fC ftfiftft^* 
-^2 9 £E$l®l®&9Ztm0tcmi&lCtj:^Xl,>Z>. 

%Akm i (cA7^sn€,?se*5-s©7feF s i o 
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2 is J: UWi^tm 3 0 1 ic» L X . L 

©SteWfcfci t&fcfi-*!*- dt 2 9 », $${t-Sf 

3 0 2<DJHI*i«^<b &SJ:5K:<i&*ifiiUS9^©»S 

JWBtft#3 0 1 ©flHfc*#F S KfB^ 10 2 
tC^fctfTlv*. :ttHCj:.0.. m -S'Kft*l 0 2<DW 

xmt b X 6 . 3 0 2 ©3MK**©ttft&£ 

too54] msommmvo-m^mt. vMwmz 10 
&'«&?©««■* ^hbk-t sauna** 5 . 

C0055] *J0MfCtt. .fflft£ft*3 0 1 ©d$£ 
W8PLT(,»4*». *FSKfl|-^©flKft**«BIL»TfeWi; 

[ 0 0 5 6 ] h 1 5 m4<ommmt bx-^<mt^ 
<ts3 0 0 *m>tc&m#-{ A^/f * s©#ass3 0 

SitS3 0 8{CA^$nfc^FSK@-tl 0 2tt, (Big 
1 0 K A# § ftH£-f 5 ~ o©M£©}ftf -stfc^ 

mtiz. ftmztitc&jtfimt. •en-en^<tS3 

OOttA^SIiS. --3©*3WtS3 0 0*»6U**ti 

smtBfg-st 3 0 6 - 1 £jjn#[5iss2 1 taot^ti, 

C£tC<i:9f#6}-lS«S3fg^3 0 6-2*i, eit-fS-f 
-£101 d-^feLTfc*), S©*g 
fSg3 0 8©Htf}£&£ 0 

[0057] «4©HffiMccj: 0 v flSfcfWfliT-* c <hJ58 

< &m<Dumxm>% f s Kfi-^- 102 fcgfi-r 5 c i 30 

Kfc*|IM*i*->fc. C©*H0lTtt, *§fl§3 0 0 
©«fiS*ifi£*©^ fny^ >g<f i§ <fc 0 

[0058] ^cc. mscommmtbx, *fdmei 
io3b, wsLoxasms 1 0 0 3 tvr* 0 , 

Sftgflg 1 0 0fr&©#JS8Htttt. t'f h U- h<om 40 
4tt©lHM«:3Rjefl:3*iTi»S. SftiiHtgl 0 0^6 
©TfcFSKfl-Sfl 0 2tt. %iJV'=y \ 04rit£r>X£®. 
<*4VC3fcF DMflW 1 0 5 i LTtii^SftS. ftSMISi 
gl 0 3*>6m#3ftfcftFDM{S#l 0 5tt. 

0 0 (C«fc-3T#*fi«IE3 0 9 
[0 059] :)fcgfs&g3 0 9 tt. ftF D'MM# 1 0 5 
$r-5K^it53fe*7 , 7 3 0 iro©^ff§3 0 0 
*»e»tltoS3*TCl»4. ft£fli£3 0 0tt. jffS 

#H5£l/C. 3l^&8fc&fl>[£©¥3§**U--- ^ 
^7-;uld) 3&JfflU6ti-c*»9. ffi©^fiS«0i{C7Kt so 



#H^7 - 2 8 3 7 9 3 
18 

/cm 1 ©^J&t&l £PJD<fc5 <c£ftm&ttSI8 6 * &f|j£ 

3 tiro*. 

[0 06 0] £imftK5 £ 0rflit>TO4?-a-^^l/ 

LB<mmmscsmmi\t, %mmw 1 o 3t^(o% 

FDMflWl 0 5©^«»©f5H*£/VT?OS. lift 
36fl»3'0. 1 ©ftJI&tte, £r©ftF S K<f# 1 0 2 
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